CHEM CAL MECHANI CAL PLANARI ZATI ON OR POLI SHI NG PAD W TH SECTI ONS HAVI NG
VARI ED GROOVE PATTERNS FI ELD OF THE | NVENTI ON The present invention rel ates
to a polishing pad for use in chem cal nechanical planarization
applications. Mre particularly, the present invention reiates to a pad
used in the chem cal nechanical planarization or polishing of sem conductor
waf ers. BACKGROUND OF THE | NVENTI ON Sem conductor wafers are typically
fabricated with multiple copies of a desired integrated circuit design

that will later be separated and made into individual chips. A common
techni que for fgy :@@ATL r@dm’ m ﬁ%ﬂ@ﬁtt%us?m{c PAD
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wafer, an oxide layer is put dowmn allowing the vias to pass through but
covering theBAEKIGROUNROF JitHVINUBNTI®BuUi t | evel . Each | ayer of the circuit
can create or add unevenness to the wafer -that is preferably snoothed out
bef ore gener at i ngerendisior wafarstir typrcalye boegighiitymuliplesapes a2 pl anari zati on

(CVP) technigues 1§{c§ra%§%gcﬁlpd£ﬂgﬁ%'§ h;l?lagep Be se ?MCW&E‘I&@IQ(OQ%b!dLder of
materi al added theréafter. Available CWP sys commonly cal |l ed waf er
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cont ai ni ng focus on the wafer to project an image of the circuit on the wafer, The ability of the

camera to focus on the surface of the wafer is often adversely affected by
inconsistencies or unevenness in the wafer surface. This sensitivity is accentuated
with the current drive toward smaller, more ughly integrated circuit designs.
Semiconduclor wafers are also commonly constructed in layers, where a portion of a
circuit is created on a first level and conductive vias are made to connect up to the
next level of the circuit. After each layer of the circuit s etched on the wafer, an
oxide layer is put down allowing the vias to pass through but covering the rest of the
previous circuit level. Each layer of the circuit can create or add unevenness to the
wafer that is preferably smoothed out before generating the next circuit layer.
Chemical mechanical planarization (CMP) techniques are used to planarize the
raw wafer and each layer of material added thercafter. Available CMP systems,
commonly called wafer polishers, often use a rotating wafer holder that brings the
wafer into contact with a polishing pad moving in the planc of the wafer surface to be
planarized. A polishing fluid, such as a chemucal polishing agent or slurry containing

microabrasives, is applied to the polishing pad to polish the wafer. The wafer holder



m croabrasives, is applied to the polishing pad to polish the wafer. The
waf er hol der -1 then presses the wafer against the rotating polishing pad
and is rotated to polish and planarize the wafer. The type of polishing
pad used on the wafer polisher can greatly affect the renoval rate profile
across a sem conductor wafer. Ideally, a sem conductor wafer processed in
a wafer polisher will see a constant renoval rate across the entire wafer
surface. Many polishing pads have been designed with one particular pattern
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sections aremaﬁkach@dyp@mhhgpbbﬂ@veWhedpmhwéhmh@npadﬂgééuméﬁgOfnclude a

first poli Shllnaggog?g%se stt!)gn nh"i‘Y' n(%nc?‘rc %_Iﬁgs?r]gzdgz og}{leraﬁa%gé‘e%xIsgﬁéTEd in a side

of the first® ection groove pattern’is preferably
made up of apcﬂisﬂrnglphdswfmﬁ ha\g:racm)gmsue Arsed oxd pmlm Slhi ﬁ:g cpadpls gedy on has a

non- grooved side opposjte the linear ._belt a second aspect of
the present THRPER @ﬁ‘“ﬁrbmele%‘i &Sﬁﬁ%""f‘%‘%‘"fé‘ﬁg ; %hcmer o

ani C

p'anariZatiOaf&$u§&H1ﬁ&ﬁﬂu@ypnmwakan&aiﬂﬁhpd@ﬁu@;ﬁﬂﬂﬁ&kntyﬁmﬁa:serialry

| i nked polishing pad sections formng a linear belt. The plurality of
serially I|WkgﬁmﬁbP?Eﬁﬁﬁb“ﬁ%ﬁ”§€6FW5ﬁ§‘FHEPE%@S first and second polishing
pad sections having respective first and second groove patterns. In one
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According to a first aspect of the present invention, a polishing merber is
provided having a linear belt movable in a linear path. At least two serially linked
polishing pad scctions are attached to the belt. The polishing pad sections include a
first polishing pad section having a first groove pattern formed in a side of the first
polishing pad section. The first groove pattern is preferably made up of a plurality of
grooves. A second polishing pad section has a non-grooved side opposite the linear
belt.

According to a second aspect of the present invention, a polishing pad for
chemical mechanicat planarization of semiconductor wafers includes a plurality of
sertally linked polishing pad sections forming a linear belt. The plurality of serially
linked polishing pad sections includes first and second polishing pad sections having
respective first and second groove patterns. In one embodiment, cach of the groove
palierns is preferably oriented parallel to the lincar path of the pad. In another
embodiment, the pad sections may have non-parallel grooves.

According to another aspect of the present invention, a method of producing a

tinear chemical mechamcal planarization polishung pad having a plurality of polishing

S



patterns is preferably oriented parallel to the linear path of the pad. In
anot her enbodi nent, the pad sections may have non-parallel grooves
Accordi ng to anot her aspect of the present invention, a nethod of producing
a |inear chem cal nechanical planarization polishing pad having a
plurality of polishing -2 pad sections includes the step of enpirically
nmeasuring the material renoval rate profile on a sem conductor wafer for
each of a plurality of groove patterns used in chem cal nechanica

pl anari zation polishing pads, wherein each of the plurality of groove
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invention. FIG 2 is a partial plan view of an alternative enbodi nent of
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according to a preferred enbodinent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a polishing member having a polishing pad
according to a preferred embodiment of the present inventton.

FIG. 2 is a partial plan view of an alternative embodiment of the polishing pad
of FIG. 1.

FIG. 3 is a cross-sectional view of a grooved polishing pad section suitable for
use in the polishing pad of FIGS. 1 or 2.

FIG. 4 1s a partial plan view of a second alternative embodiment of the
polishing pad of FIG. 1.

FIG. 5 1s a plan view of a rotary polishing pad according to a preferred
cmbodiment.

FIG. 6 is a graphical representation of matenal removal rate measurcments
made according to a preferred embodiment of the method __of the present invention.

FIG. 7 is a graphical represcentation of the material removal rates obtained by
combining selected polishing pad sections described in FIG. 4 according to a

preferred embodiment.



FIG 6 is a graphical representation of material renoval rate measurenents
made according to a preferred enbodi nent of the nethod of the present
invention. FIG 7 is a graphical representation of the material renoval
rates obtained by conbining selected polishing pad sections described in
FIG 4 according to a preferred enbodi nent. -3 DETAI LED DESCRI PTI ON OF THE
PRESENTLY PREFERRED EMBCDI MENTS One inportant factor in a chem cal

mechani cal planarization (CWP) process is the uniformty of the resulting
polish across the surface of a sem conductor wafer. By |eaving uniform
mat eri al thi cRAESSLED DHICRIBTHIN Bnlilhe wafer after conpletion of the

pol i shing proRRESENEDYINRIGFRRIGUEMBQ@UINIENITE on the wafer will be nore

likely to maintain the sane perfornmance characteristics independent of
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The pol i shi ngp includes” a plurality of polishing pad”sections 12.
Each poli shi ngalpiadl tegnicgarfdinang: ghoecieiigive thdepiindene at whese ttpaigimatedtonso t hat

the sections QLR y F 2K B owS gwega{mﬂ.d@{;ﬁdafcw%gt@s}l RHARQEFt | ng

linear belt 14° ol I'shing pa ctio or ne Its own
respective grtﬁ@ptesenpa’&fé!ﬁbm pfbﬁaiemmpﬁd;\s:d ungarofty gr @mpealpatm grdrahéeddoi s
arranged parall el Lrection o he lld near belt 14. Each

pad section I'BPHH f/é B’é“@eﬂ'ﬁ‘\g@é‘f%ﬁ CPP%?nag&s“é:mgsrcgtwea “Ji%ce of pad materi al
and connected t ogeldearilitdaleos pckdney gﬂ:lﬁqﬁeete&lbpmhmm AagNiBdolidhing pad 10

Al ternatively, the pol i shi n pad sections 12 Y actur din a
singl e piece &for iy RSO erb‘BPl S fr’fgls?i%lj%de@t Pgﬁfgawr%lﬂ‘ff'ﬁ be nount ed
on a separat %oh@hﬁg pddSections 12. Each polishing pad section 12 is positioned adjacent to the
next so that the sections form an unbroken, serially linked chain on the supporting
linear beit 14. Each polishing pad section is formed with its own respective groove
pattern 16a-c. Also, each groove pattern 16a-c is arranged parallel to the direction of
motion of the linear belt 14. Each pad section 12 n;lay be constructed from a separate
piece of pad material and connected together fo form the complete polishing pad 10.
Alternatively, the polishing pad sections 12 may be manufactured in a single piece of
material. The polishing pad sections may either be mounted on a separate belt, as
shown in FIG. 1, or may form a polishing pad that is a stand-alone belt.
Referring to FIG. 2, an alternative embodiment is shown where the polishing
pad 110 includes sections 112 having groove paiteras 116a, [16¢ and a section
éornplctcly lacking grooves (i.e. an unbroken polishing pad surface) 110b. Again, the
grooves arc arranged paraliel to the direction of motion of the linear belt 114. Each
groove patlern, in-one preferred embodimeny, is defined by a width, a depth, and a

pitch.



shown in FIG 1, or may forma polishing pad that is a stand-alone belt
Referring to FIG 2, an alternative enbodi nent is shown where the polishing

pad 110 includes sections 112 having groove patterns | loa, 116c and a
section conpletely |acking grooves (i.e. an unbroken polishing pad
surface) | lob. Again, the grooves are arranged parallel to the direction

of motion of the linear belt 114. Each groove pattern, in-one preferred
enbodi ment, is defined by a width, a depth, and a pitch. -4 As illustrated

in FIG 3, the w Rléu]ég?rg(gmaﬂ%r th mdﬁhfgzca't gEOOVﬁeB%qﬁgdggkmebecﬂ\ftcgppoy ng

parall el walls of e de ance fromthe outer
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wal | of the |THBHH At V['Siéﬁﬁ%’ééﬁ{[‘eﬁf’gﬁ(}g the BT9PR% a“ odmr% % FIGS. 1 -3,

t he groove paditigin ﬁdh{j@(@malbﬁtavmarg@ﬁduszemhpcam fbutwa!sofphelheﬁcallodtqty uni form
within a given_ pad section 12, 112 so Hﬁand pitch are

the same for JHA5EVEENFt 19ithe rbodrpanis At Ega{ g%@i"%ﬁnba
enbodi ments, {cdiGecd pP¥RABLUEE Brofrithy finiforpafithiCaigiaen ;pha(d;caemtuzpm reay
i ncl ude a wldth depth, and piitch that varies between grooves jin that pad

section. Addbai thﬁh‘a!dﬂy dcﬂ%i‘qdé’“tﬂh e dreog e dorgrovET WA ARG PAYY havi ng a

rectilinear cfO83: 1P6HLd HMbodiRfsAHORNES haitios pREcaHadGectibantagd OF
curved wal I's.” For pur poses ol t hi sgeg ec@rgatl on, Hﬁdé@o?&e IS def?ned as a

channel that ingudas woth, flentimgad pifchithes "ﬁf&’d belHgeREOATeS ih radiecticBngt h of the
channel is g r!?c?(#ltwna{l))égnulk Iﬂ% é%oqg.'are ﬁﬁ%’%@y%nﬂ&yhzﬁfng ar@c%tlﬁ'@&r gxtend the

entire length o section nmbodi ments of |inear sem conduct or
pol i shing or spttamathe gahv&smqyé;xdfomeﬂ hevigg dervekorichrvgd ryaH% i Eglpayropa@! sect i on

may be non-parallel. Referrin t i near
pol i shi ng pagg'ﬁﬂfclrgzaté%m\ﬁml negllS dc ‘“ﬁg?‘% g}o%}?smzﬁg Cﬁg tg@t‘?(‘)hﬁquliz with a

non- par al | el giaoN ehpattiededgi?dfGae chitue:! n@Ereapartah ite widih.od\geopatmagr or
may not extend the entire length of a pad section.

In other embodiments of linear semiconductor polishing or planarization pads,
the grooves in a particular pad section may be non-parallel. Referring to the
embodiment of FIG. 4, a linear polishing pad 210 is shown including a polishing pad
section 212 with a non-parallel groove pattern 216a. The non-parallel groove pattemn
216a may have grooves that intersect. The polishing pad section 212 with the non-
parallel groove pattern 216a may be combined with other polishing pad sections 212
having parallel groove patterns 216b - 216d. Other combinations, such as a polishing
pad with all pad scctions having a different, non-parallel groove pattern or a polishing
pad with some pad sections having non-paraliel grooves and other pad scctions
having non-grooved surfaces, arc contemplated. As shown in the embodiment of
FIG. 4, the parallel groove pattern may include pattern of serpentine grooves 216d or
other curves that arc disposed in either a parallel or a non-parallel relationship to each

other. Onc or more polishing pad sections may have an embossed pattemn of circular



216a may have grooves that intersect. The polishing pad section 212 with
the non- parallel groove pattern 216a nay be conbined with other polishing
pad sections 212 having parallel groove patterns 216b -- 216d. O her

conbi nati ons, such as a polishing pad with all pad sections having a
different, non-parallel groove pattern or a polishing pad wth some pad
sections having non--parallel grooves and other pad sections having

non- grooved surfaces, arc contenplated. As shown in the enbodi mrent of FIG

4, the parallel  graqov ttern may.incl.ude pattern of serpentine grooves
216 or ot het L JRETETA AL TP BRGH T B RO R Bal ] SO  a
non- par al | el d¢nodirh@nshi p to each other. One or nore polishing pad

sections may have an enbosse attern of circular -5 voids qr dinples
Formed i n the pad ACHrCIAT wohsr Aot it sauRsti Rl ey Sx

enmbodi ment . Aceey sH1BEink Padd MG heniuardadhaBiiny pbiRingead 8 tNdivedgar  pol i shing
pad may be a rotar¥ polishing pad. FIG 5 iIJusfrates oge rotary polishing
pad 310 havi rijjuality of gredps-eippests aleateg sl gied sl IniGat are serially

linked such tdakcofduchf Wafd RAUGlatialyafr8kntks wiR dUBREdbdMoPiasenliad Wi th a
different section as the rotary polishing pad is rotated. Each section 312

pref erably haslishigg pafldy wiatedy Fgeiyeccper 1 @rmicteshig das a diffgrepleropys RgHem

embodi ment,  0f}g, 08 1A oREGAHARFenB bhc FBMKoRIERALHE rfhyda 0PN aRRIJRT N t hat
includes a plurality of concentric arc segnents (see groove patterns 316a

and 316c) cemntendhatboludesdrurgliiytof constntrip ercseragnis (prediroava palidyes 316a
embodi ments, a?a@%l@c'} CCIHQ’E(F?%ID%S(C&I& %?er%}%e%tﬁggem%%&'} O &di Frtng,%rng ok ncl UFII ng
a plurality of non“concéntric ¢roove pa ns. e sultable ‘pad materi al
for use in canstsaobiss]? g hpad 4 ghiongpp@d wdodingaplurdifyadf nvalcenagpiriche | i near
or rotary senicondqgtor polishing pad is a closed cell polyurethane such
as | C1000 av& 146P&"T™om Rodel Corporation of Phoenix, Arizona. Although
each pad section Dse prigblepabinyteG8lTed ust i @sialctitd@c panRingdd satieds al , in
ot her : . . .

that make up the linear or rotary semiconductor polishing pad is a closed celi

polyurethane such as IC1000 available from Rodel Corporation of Phoenix, Arizona.

Although each pad section is preferably constructed of the same pad material, in other

embodiments, one or more different pad materials may be used for each polishing pad

section in the polishing pad. The pad materials may also be selected to have a

different hardnesses or densitics. In one preferred embodiment, the pad matertals

may have a Durometer hardness in the range of 50 - 70, a compressibility in the range

of 4% - 16%, and a specific gravity in the range of 0.74 ~ 0.85. The grooves may be

fabricated in the pad material using standard techniques uscd by any of a number of

commercial semiconductor wafer polishing pad manufacturers such as Rodel Corp.

Referring to FIGS. 1, 2 and 4, the polishing pad 10, [10, 210 may be mounted
to a lincar belt 14, 114 in onc embodiment and utilized in a lincar semiconductor
wafer polisher such as the TERES ™ polisher available from Lam Research

Corporation of Fremont, California. [n operation, the pad 10, 110, 210 is

continuously moved along a lincar direction while a semiiconductor wafer holder (not



enbodi nents, one or nore different pad materials may be used for each
polishing pad section in the polishing pad_ The pad materials may al so be
selected to have a different hardnesses or densities. In one preferred
enbodi ment, the pad materials may have a Duroneter hardness in the range
of 50 -- 70, a conpressibility in the range of 4%- 16% and a specific
gravity in the range of 0.74 - 0.85. The grooves nay be fabricated in the
pad materi aI usi ng standard techni ques used by any of a nunber of

comer ci al nduct or vaf er | f r-s..such as Rodel
Corp. Referri nm%w?%oo R=gesy SCTHCOQ 0(5 i Craggnspg’gfwgoa%gw iShc110 2 10 may be
mounted to aehnmecarctdaewhﬁfcrbdldcrlnmzy ilsv ronE thmbu’dsl mmhommg Ut ivafez eghinsh a

| i near sem co ductor wafer polisher such as the TERES Ti ! polisher

avai | abl e frdi5P%8m Research = Cor poration of Fremont, California. In
operation, the pathdfad X1040,210) aicag wﬁbatsiunudwsls;borimherdicallxmgivaaxlld near

di rection V\/m e as conduct.or .waf der (no shown ses a

semi conduct of* Wé‘f"&?o t?&éf‘aﬂeéfur% & ’%Tfr?rodm?s}*la{“ﬁéo“ &‘8“’(‘5‘ R éﬁo%uél?l(?uctor

waf er hol der oJmayowal salishop alukick haybvatied. Ghe l;lﬁtahlelslikrﬂygs $S% angifaple fagai nst  t he
pad. The pad 10, 110, 210, along with a s both cherrtically
active and A&3Pastae 1Be E‘“ﬁ%"%f‘%ﬂgulrﬁéa%@ ““ii “hq—'st ‘aa‘fsg)ncﬁcﬁr?ovﬁs PA 8?% on the

waf er. Any Ofscéiloﬂ'é ks th@Bb[K@QWﬂlcRﬁh toSthnBy@ rSel ey drﬂSm%?y’tH@@va!fE%eﬁld One
suitable slurry is SS25 available from Cabot Corp Thef%roove ttern 16,

116, 216 inchdmefprsghe ﬁéo‘aﬂdk"éﬁééa‘g?f%v@%mai’iﬁalafmﬁﬁ‘éf‘[ rlerP IS BRATESs t he
ability of thgRadstQubhansReet slurry underneath the wafer and therefore
the groove pattern can affect the material renoval rate profile as neasured
on a cross secti oﬁﬂ@flrfiﬁ‘irméﬂ“éfhod@Téfqgmﬂaﬁlﬁféﬁcﬁ'@tﬂ%ﬁ“‘?gd?adé‘ﬁ@&%f*ng a |inear

CVP pol i shi ngul%?a%:ggytgﬁ%nﬁ ma 'ljx?IS[IeﬁLQHi éyroma'f&q %%E@Jdt(ﬁ‘lwarf@@val rate

profile for a sem¢c ctor wa escrl below. First, several
pol i shi ng padsscribatteldhvavFing, savesalmgllmugrp@dweact)éﬂieg msingle groove pattemn

and each completely covering the circumference of a different belt, are each used to
polish a semiconductor wafer for a predetermined time. The same wafer polisher,
preferably the TERES ™ polisher available from Lam Research Corporation, is used
to test each of the polishing pads. After polishing a semiconductor wafer with a
particular polishing pad, the amount of material removed is measured at vartous
points across the diameter of the wafer and recorded in a database on a computer.
The removal rates are then compared at the respective measurement poiats used for
cach semiconductor wafer. Using the comparison data, a determination is made as to
what combination of groove patterns, and what length of each particular groove
pattern, is predicted to produce a uniform matcrial remaoval rate across an entire
semiconductor wafer. In one preferred embodiment, the comparison of the malenal
removal rates and determination of the appropriate combination of groove patterns
may be accomplished using a personal computer running a program writlen in Excel

by Microsoft Corporation.



and each conpletely covering the circunference of a different belt, are
each used to polish a sem conductor wafer for a predetermned tine. The
same wafer polisher, preferably the TERES TM poli sher avail able from Lam
Research Corporation, is used to test each of the polishing pads. After
polishing a sem conductor wafer with a particular polishing pad, the
anount of material renoved is neasured at various points across the

di aneter of the wafer and recorded in a database on a conputer. The
removal rates are then conpared at the respective nmeasurenent points used
for each sem conduer orlcvatfrgrthe pisdipgd péishoeppasicsan tidap@dua adefignng nat i on
IS ”?de as topadvmgntn %%H@sk;ﬂﬂgli nufgin g]ag':?lvlel’eglgs' ai ¥ Qdcros‘?‘grg cr\l@h & Eva c?ngth of each
particul ar groove ﬁatt ed a SAuCE A LAY or Mt er i al
renoval rate mdslosgpahs é?rbhlcnead umMMMMnWIMfr&Elionltfthﬁit[&espsl‘o&fu& tikeed

enbodi nent, the conparison ‘FJ t g ITE rat.es nd det erm nation
of the appropiPaPE2EsREIPAATESR 061‘53%'? 18??8 gﬁoqvfg? E"ar?rﬁ?fnlﬂ%" SECHHHE shed

usi ng a per soseal Imonrmﬁlﬁ:ﬂmﬁdnnmmg: s Ogidanamtal istusdd, tha pxeey be by M crosof t
Corporation. .7, After calc t|n t he redicted oI| dsectlons
o O S s PR L ROk b e PRt 2Pt O

removal rate iacheasthaen@alinicat, Wik pidces POpdHhitddaL, BAM Hasing abbiwiat ed using
comonly known fabricati onlﬁ'é&éhm ques so that the appropriate section

| engt hs for AW EABIBA YT CHQEHBIIZSERHBi ned on a single belt. fit

one enbodi nent, WaekEpiRcabiepats@uddf ofBLRFiAIFhmb i HES fbr vhRusReshvwBy be a
single, continuous strip having the appropriate groove patterns and | engths

formed in i tRatePs galbisHaed eniiodf nEht x-asephiha geppinddeso whrepends that eri al , each
having its OWheas ALAOUBORELILES e dgmétebsdhk E@fﬁ%gonhgcg&t\bh%r PRhifapldgl e bel t, A

graphical representation of haterial renoval rates for various groove
patterns is iffdm8ecenteclite WIIG The yBhis rapresxitts thofmephvecdgraptel rstie Bl G 6

represents. t . iRASY RIFR! k0 Mo th Ml SRR LR mdLuld 2 REM gENdUCt O

wafer in mll
for a pad having a particular grove pattern. The downforce (pressure applied to the

semiconductor against the pad) for all measurements was 5 pounds per square inch,
while the [inear speed of the pad and the rotational speed of the wafer holder were
400 feet per minute and 20 revolutions per minute, respectively. Beginning with the
uppermost trace in FIG. 6, the groove patterns carresponding to the illustrated

malenal removal rates are as follows:

Reference Number Groove Pattern {width x depth x pitch)
(all in thousandths of an inch)

200 K-Groove™

202 10 x 20 x 40

204 10x20x 100

206 20 x 20 x 50

208 10 x 10 x 100

210 20 x 20 x 40

212 10 x 20 x 50




fromthe center of the wafer. The y-axis represents the neasured renoval
rate 1-11 angstrons per mnute. Each trace on the graph represents the
nmeasured renoval rate for a pad having a particular grove pattern. The
downforce (pressure applied to tile sem conductor against the pad) for al
measurenents was 5 pounds per square Inch, while the linear speed of the
pad and the rotational speed of the wafer holder were 400 feet per mnute
and 20 revol utions per mnute, respectively. Beglnnlng mnth (he upper nost
trace in FIG 6, the grc&i?—pak er-ns—eortesSpgn qbwg to—the—+tHtust+at ed
material renoval rates gre as follows. Re érefice Nunber Groove- Pattern
(width x depth x pitch) {Zigall in thous&ndthsows liaPudi nch) - - -- To ro o vc
rmoi(--G 20210 x 20 x 40.20410 x-20 %x-100-20-%—20-—x-50-20810-x—}é6x 100
21020 x 20 x 40 21210 x 20 x 50 -8 214

As is apparent from the example of FIG. 6, the material removal rate and the

removal rate profile vary significantly between the different groove patterns. By
selecting several groove patterns and calculating a weighted average of removal rates
at each point along the diameter of the wafer, where the weighting is based on the
percentage of length of the complete pad that will be constructed from a pad section
having the particular groave pattern, a predicted removal rate profile may be
calcutated. In a preferred embodiment, the grooves are oriented parallel to the
direction of motion of the pad on the lincar bett. While various other groove
dimensions are contemplated, the groove dimensions arc preferably within the range
of 0-30 thousandths of an inch (mils) wide, 5-30 mils deep, and have a pitck in the
range of 25-200 mils. The K-Groove™ trace 200 refers to a commercially available
groove pattern from Rodel Corp.

FIG. 7 illustrates a predicted removat rate profile 218 and the actual removal
rate profile 220 measured from a polishing pad fabricated according to the method
described above. The polishing pad used to generate the removal rate profiles 218,
220 inciuded three polishing pad sections having equal lengths and constructed out of
the same polishing pad material. The first polishing pad section included a groove
pattemn of 0.010” x 0.020” x 0.100” (depth x width x pitch), the secoud polishing
section included a groove pattern of 0.020™ x 0.020” x 0.050”, and the third polishing
pad section had no grooves. Another polishing pad, fabricated according to a
preferred embodiment of the present invention, having improved material removal
rate uniformity along the entire width of the wafer, is made up of five polishing pad
sections: no groove, 12 x 20 x 50, 20 x 20 x 50, 10 x 20 x 100, and 20 x 20 x 100
(where the dimensions are in thousandths of an inch and refer to widtli x depth x

pitch).



] 1-6, 20 x 20 x 100 No G ooves In Pad As is apparent fromthe exanple of
FIG 6, the material renoval rate and the renoval rate profile vary
significantly between the different groove patterns. By selecting several
groove patterns and cal cul ating a wei ghted average of renoval rates at
each point along the dianeter of the wafer, where the weighting -is based
on the percentage of length of the conplete pad that will be constructed
froma pad section having the particular groove pattern, a predicted
removal rate profil;e, ey be cal ﬁ#l.at eg-‘ L n a{hprefertvednerrbodhrrent, t he
grooves are ori ent'ddTYxr RIopare-AFofHLe it AaLt SHOd P! BRY B HISSH™E i °pad on t he
li near belt. WhinldesciBed OUS n@tiaeak@ QR gk Mend ffans: adreriat amteaphat ed, the
groove di nensions are preferably with-in the range of ? 30 thousandt hs of
an inch (m | sprofifcael differspt 4ipqve Piias and PPYMHER ACoYTAiah of e prdlableange of

25-200 nmils. JRevds RV Todh cdhifefe pGhal Rk 8l iBast GvPpdtiOAR p&d Rtdidhsavai | abl e
groove pattern from Rodel Corp. FIG 7 illustrates a predicted renoval rate

profile 218 andhdderatemnare RaBFFBY al he mesad R eGsier PTVREBETPE] 4 om a
pol i shing pad,{,aRk kG @deRECOTD5akiBs b hhtGARIPOApideS6E L ReGiuapove. The

polishing pad used to generate the renoval rate profiles 218, 220 included
t hree pol i shi srynipeidios ebpdlighise pravsesiigneguaringle pigtasn iawreyRstereeeed out of
the same polighi agh, IRL&EIAa pERGatl hata RAL Ll RAGh! $6R4aPAd NCI uded a
groove pattelr%nwlgﬁg%lg'ofﬂhx %Ofgla Qro.’io’b" (adepth X W dth x pi tgh), t he
second pol i shangs aseuicemhconedfaded a groove pattern of 0.020" x 0.020" x

0. 050", and the thj aol.i.shi ng.. pad.. { on. gr - t her
pol i shi ng pad, faE\r {:g/[gfpeohﬂé"},gcpoargctﬁaﬁsgo ({'%?O%Ed ga?'engga&rhge} [ltgr?gg%ﬁﬁ%ﬁ@&gf t he
present | nvengdlshipg halkendpns. nPiregheditpaf prd sattione npy &rm a lateer heffior orapibey al ong

IR RTHIOR: ML PN TR N N T T o
' pad. Each polishing pad section includes a different groove pattern that, in a first
embodiment, is made up of grooves oriented parallel to the direction of travel of the
pad and, in another embodiment, may include grooves that are not parallel to the
direction of travel.
It is intended that the foregoing detailed description be regarded as illustrative
rather than limiting, and that it be understood that the following claims, including alt

equivalents, are intended to define the scope of this invention.
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(where [fie dinensions are in thousandths of an inch and refer to wdth x
depth x pitch). -9 Fromthe foregoing, a polishing pad and a net hod of
maki ng the sane have been described. The nethod takes advantage of the
different material renoval rate profiles of different groove patterns and
optim zes a conbination of the available groove patterns to forma
conposite pad having at |least two polishing pad sections wth different
groove patterns. The nethod provides for conparing renoval rate profiles
for different Q&Qﬁye patterns and mathematically optimzing a resulting
conbi nati on o I shing pad sections on a single platformto inprove the
renoval rate proflle The resulting pad preferably has a nore uniform
materi al remival Aabkshirgonostyr frvenmebeniod meechandplamugNPneé| i shing pad is
ALo0, 01 scl oseh I A8, 8. RLUIBLMKBlmccl Ablptichinked, polishi g pad
sections. The urar f ad 'sections may a linear belt or may be
nnrntﬁd on a separmknrwmmeeﬂmbebﬂtme%mHHQMQapadhsmdtions may forma rotary
polishing pad. h pO|IShIn d ction._include roove
pattern that, in ‘5?‘?‘?‘ scnallrggialpc% f%mgspa s%chons (?ta?he@rtcggves g{}% e%t ed
parallel to bmehmg@e@hmﬂ&m&bmpﬁamel of the pad and, in another enbodi ment ,
may i nclude grooves t gl are not para £ gll ection travel I t
is intended that the fOF&§o ﬁgé@$§FF%H;HE§€rT%§FmVC BE Tegar e& as
illustrative ratmommﬂstlpomrﬁnmd segtidn biakitd the iecatbdeméiteodht et t he
foll owi ng clains, including all qU|vaIents are intended to define the
scope of this |n\%?ﬂ"ec5’ﬁ“°rv\§°’@ré§f33rﬁpl’ra"‘yﬁ §Eﬂ°"%5hi“}4g menber for use in

chem cal nechani cal plLanahk ﬁtﬂfshﬁé'pﬁfsect%maeﬂﬂdﬂﬁﬁ QJOOV\Eﬂfﬁ{eSoppbﬁ& thol i shi ng
negber conpr|S|nq akjinear belt, the linear belt novable in a |inear path;
an mear bell

2. The polishing member of claim I, wherein the plurality of grooves are

oriented parallel to the linear path of the linear belt.

i The polishing member of claim 1, wherein the at least twa polishing pad
sections further comprise a third polishing pad section having a third groove patiern,
the third grove pattern having a plurality of grooves oriented parallel to the lincar path
of the linear bell, and wherein the third groove pattern differs from the f{irst groove

pattern.

4. The polishing member of claim 3, wherein the at least two polishing pad

sections comprise at least two different levels of hardness.

5. The polishing member of claim 3, wherein each of the at least two polishing

pad sections comprise at least two different densities.



at least two serially linked polishing pad sections attached to the belt,
the polishing pad sections conprising: a first polishing pad section
having a first groove pattern forned in a side of the first polishing pad
section opposite the linear belt, wherein the first groove pattern
conprises a plurality of grooves; and a second polishing pad section having
a non-grooved side opposite the linear belt. 2  The polishing nenber of
claim1l1, wherein the plurality of grooves are oriented parallel to the

| i near path of the linear belt 3_ The polishing nmenber of claim1, wherein

the at |east ¢wo ol i 3RhiRGRAHer o3BGl PNShE4IF IHRGI 150 THY psiBhidg bR rd pol i shing
pad section having a third groove pattern, the third grove pattern having

a plurality efctgnoovesisontleast ed dyffgrent materpbrepea! piafdsar andariisreipthet he | i near
bel t, and whefej N I Jof r : I groove
pattern an THEUD A fhufifh BLEUE, AL LB Mg BB LI BBt Tl
“pol i shing padiavisge titetastaiynpiforsematridl easevat pwofidi f f erent | evel s of hardness.
5. The polishing nmenber of claim3, wherein each of the at |east two
polishing pad sections conprise at |least two different densities. - 11 6.
The pol i shi ng. menbier podikhicg @kmbdr of clatneé evirrdihenchbf the &st pluwbitypd] i shi ng pad
sections conprise at least two different material renoval profiles, and
wherein the ZEETHITYFnked polishing pad sections are configured to
produce a pol i shi ngcaRAL kroshictifigharinguhepéhriciiad| by auktfooe fronmber i al renoval

profile. 7_ The polishing nmenber of clai ﬁ’th ein. each of the first _

bl ural i ty of SutieB60 88 TEw Rhe88md seiidf f afybHad PEe SoBBE g SRy & dept n

defined by aidlinsHgng cehuRNHoles first groove wall to a second groove wall, and a pitch
spacing defined by a distance between the first groove wall of a first groove in the
first plurality of grooves and a respective first wall of a groove immediately adjacent

to the first groove.

8. A polishing pad for use in chemical mechanical planarization of
semiconductor wafers, the polishing pad comprising:

a plurality of serially linked polishing pad sections forming a linear belt
movable in a linear path, the plurality of serially linked polishing pad sections
comprising;

a first polishing pad section having a first groove pattern formed in a
surface of the first polishing pad section; and

a second polishing pad section havin.g a second groove pattern formed
in a surface of the second polishing pad section, wherein the second groove

pattern is different than the first groove pattern.

9. The polishing pad of claim 8, wherein the first groove patiern comprises a first

plucality of grooves oriented parallel to the linear path of the linear belt.

12 -



surface of the first polishing pad section, a width defined by a distance
perpendicular to the depth neasured froma first groove wall to a second
groove wall, and a pitch spacing defined by a distance between the first
groove wall of a first groove in the first plurality of grooves and a
respective first wall of a groove imedi ately adjacent to the first

groove. 8. A polishing pad for use in chem cal nechanical planarization of
sem conductor wafers, the polishing pad conprising: a plurality of serially
| i nked polishing pad sections formng a |linear belt novable in a |inear
path, the pIuﬂ&IitIhaﬁbHSEWhahbydhhnRedwpmkmswﬁngigadwaeﬁtmamsmnemmprising:
2‘UT_ :c ;(S:te g?l ![ ﬁgécn @Frah%l oc\ft Iooves a‘?‘tMg%é%}nd8Eusr;§11t}gé[0%¥0vcpglct ?:EEQFJ rzﬁ%ﬁjt | n a
section haV|ngwam&emamdﬁgmﬂmwetpattern formed in a surface of the second
pol i shing pad section, wherein the second groove pattern is different than
the first groove pattern. 9 The polishing pad of claim8, wherein the
first groove patt ert pohiiig rﬁ&ﬁbeﬁof&lﬁlﬁiS whktdtngturklyry of pglishiayg @ad acii@it ed
parallel to the linear. path of the I|i t 10. The polishing pad
of claim9, wHEig “r?"tf’lti'e‘issqéti1 “@‘PB%%‘ Sﬁ&‘t‘t“gtaﬁ“%ESHﬁﬂ%‘e‘E’eQa“%gﬁw Blurality

of grooves anglutdie FQeaNEs dHcHieaphhlel @ th@liagY Bfih 3 Ge BhéLBEEAnPIRGLIEl toO
the |inear path of the linear belt. 11 The pol.i shing menber of claim 8,

wher ei n pl ur alhf rdgFogysIPpEHR Aiger s tie irgs A sepondianeq e £31A5RS ses a t hird
pol i shing pad section having a third groove pattern having a plurality of
grooves oriented parallel to the |inear path of the |linear belt, and

wherein the thirdhgpelishmesaanibst of drmider@erein i fimand second parsesemsnd gr oove
patterns. 12. arg%rﬁwﬂz§$bﬁ&ﬁ%m3&mgl rénhAhiTad aprdm&r Sldwtichgn fre sé’ﬁal@nd second

pad sections
linked plurality of polishing pad sections are configured to produce a polishing

member having a substantially uniform material removal rate profile.

13.  The polishing member of claim §, whercin each of the first and second

polishing pad sections differ in hardness.

14, The polishing member of ciaim 8, wherein each of the first and second

polishing pad sections differ in density.

15, The polishing member of claim 8, wherein the first polishing pad section

comprises a length equal to a length of the second polishing pad section

16.  The polishing pad member of claim 8, wherein the first polishing pad section

compriscs a length different than a length of the second polishing pad section.



are characterized by different material renoval rate profiles, and wherein
the serially |linked plurality of polishing pad sections are configured to
produce a polishing nmenber having a substantially uniformmaterial renoval
rate profile. 13. The polishing nmenber of claim38, wherein each of the
first and second polishing pad sections differ in hardness. 14. The
pol i shing nenber of claim8, wherein each of the first and second

polishing pad sections differ in density. 15. The polishing nenber of claim
8, wherein the first polishing pad section conprises a |length equal to a

| engt h of t hel’secdhdppiddhinglpedigrepbct Febiim nwii@ein Thieaspotd fthadgppathcmenber of
claim8, wherein the,first polishin a i i .a length
G 1 er ent "t nanrod PEFGE RS0 R BN AL E T B R paf AR ABR R L T
pol i shi ng padesfeaberdepth, @lddi, amBpitcavoé rteignoats dfeixstecadgobshiigymddepioh, t he

wi dth, and the pitch of the grooves of the first polishing pad section
differs froma respective depth, width, and pitch of the grooves of the
second pol i shisng paédpsieaing@ad mtBberkdielapoR) shbreg thpadcinefithe groofesdd ai m 8,
wherein the pitch of the grooyes is . uniformacross the first polishing pad
section. 19. “ﬂﬁfé”‘bé‘i‘ff’%gml"rlfg‘sﬁ%? SHRHBE P ai m 8, wherein the pitch of the
grooves varies across the first polishing pad section. 20. A nethod of
produci ng a |linear_ chem cal mechanical  planarization Qlishing ad havi ng
a plurality of-polfhepellingaal BembsToh§lain fevhrEtinBig PY ﬁP%?ﬁ@W:(ﬁgxneasuring
a material reppualh. @l $oRhfipa8sd@bneach of a plurality of groove patterns
used in chem cal nechanical planarization polishing pads; (b) determ ning a
conbi nation of at least two of the plurality of groove patterns based on

the neasured renoval rate profiles of (a) that provide a substantially
20. A method of producing a linear chemical mechanical planarization polishing

pad having a plurality of polishing pad sections, the method compnising:

(2) measuring a material removal rate profile for each of a plurality of groove

patterns used in chemical mechanical planarization polishing pads;

(b)  determining a combination of at least two of the plurality of groove patterns
based on the measured removal rate profiles of (a) that provide a substantially
uniform material removal rate; and

(c) fabricating a polishing pad comprising a plurality of linked polishing pad
sections, wherein the polishing pad sections comprise a combination of groove
patterns determined in {(b) to provide a substantially uniform material removal rate

profile on the semiconductor wafer.

21.  The method of claim 20, whercin the polishing pad s a linear polishung pad
and each of the plurality of groove patterns comprises a groove pattern oriented

parallcl to a hinear path of polishing pad.



uniformmaterial renoval rate; and (c) fabricating a polishing pad
conprising a plurality of l|inked polishing pad sections, wherein the
pol i shing pad sections conprise a conbination of groove patterns
determned in (b) to provide a substantially uniformmaterial renoval rate
profile on the sem conductor wafer 21. The nethod of claim 20, wherein the
polishing pad is a |inear polishing pad and each of the plurality of
groove patterns conprises a groove pattern oriented parallel to a |inear
path of polishing pad. - 14 22. The nethod of claim 20, wherein the step
of measuring the it ertel of oVl wheminehpstef ¢f recaguringtiee @etml:doﬂdwﬂ or wafer

comprises, T0laa6le 8 ik BLARYA: RRLE Bl ises, THRRIrAE RodliLhpLfNCE between

a starting thickness and an ending t or wafer at
a plurality orﬁlcqsmurﬁasdlﬁbl@mq @t\wcamemgmﬁlcmg and e encari g téucimqsis a!'rtael zing the

wafer with a S%%l éog%ucu% W a(fler aP ngraﬂaf atlc%% A :ﬁ!le?@f@tfn]e v\palf ﬁl ity of

groove patterns. “t he plurality
of polishing madnzmgdtewmﬁs vhulrztdwshlmg)mnirhasmg aacltdmdcd]emﬁthqﬂufﬂgy pad section
having a third ~Aroove pattern having a plurality of grooves oriented in a
non- par al | el HRAGEF M h respect to the I|inear path of the linear belt.

24. A polishing pad for chem cal nmechanical planarization of a

sem conductor wafers, the polishing pad conprising: at least two serially

l'i nked pol i shj;ng tions.for, f o Al.ahras t t he
pol i shi ng paggsecﬁﬁgﬁﬁg m%"w”mmwﬁgﬁﬁgg POl T Shi lHM%HOFa ﬁmgﬁFRQV|ng a first
groove pattem&ihﬁfﬁEﬁmﬁﬂn@n&SMdﬁnﬁ&ﬂEh&gﬁmhﬁﬂumdhwﬁ@hﬂgu@@ﬂuﬁ@ﬁ@kﬁn adapt ed

to contact the senl onduc or wafer, wherein qe first. groove pattern
conpri ses a ‘GP%.IaI yra (5‘?’ 3@8\’/fé§“cm‘é‘hﬁ a non-para lc manner witll'respect to the

linear path of the lincar belt.

24, A polishing pad for chemical mechanical planarization of a semiconductor
wafers, the polishing pad comprising:

at least two serially linked polishing pad sections formed of an abrasive
material, the polishing pad sections having:

a first polishing pad scction having a first groove pattern formed in a
side of the first polishing pad section adapted to contact the semiconductor
wafer, wherein the first groove pattern comprises a plurality of grooves ; and

a second polishing pad section having a second plurality of grooves in a
side of the second polishing pad section adapled to contact the semiconductor

waler, wherein the first groove pattern differs from the second groove pattern.

- 25 The polishing pad of claim 24, wherein the ficst groove pattern comprises a

plurality of non-parallel grooves formed in the abrasive material.

26.  The polishing pad of claim 25, whercin the second groove pattern comprises a

plurality of parallel grooves formed in the abrasive material.
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a second polishing pad section having a second plurality of grooves in a
side of the second polishing pad section adapted to contact the

sem conductor wafer, wherein the first groove pattern differs fromthe
second groove pattern. 25. The polishing pad of claim?24, wherein the first
groove pattern conprises a plurality of non-parallel grooves forned in the
abrasive material. 26. The polishing pad of claim?25, wherein the second
groove pattern conprises a plurality of parallel grooves formed in the
abrasive material - 15 27_ The polishing pad of claim 24, wherein the
pol i shing pad conprises a linear polishing pad. 2$_ The polishing pad of
claim 24, whgy el ik BerdRlelaflbnd,RAd, CoAR @@@ﬂ@hmgwaﬁmm&'asfmeag pad and
wherei n each polishing pad section conprises a wedge-shaped section. 29 _
The pol i shi nepliskidz pfd.cl ai m 24, wherein the first groove section conprises a
plurality of grooves fornmed in the abrasive material, the plurality of
grooves having a constant width and a constant depth 30_ The polishing pad
of cl ai m 29 her dihppelabhsphd théaipﬂ?dr whéreiyp tiof poffslonyees! comptibesra roeonpri ses a

constant s paCIIls ng Sgd\’\ﬁg h%ldekn Gel 01%88‘{)9? section comprises a wedge-shaped

section.

29.  The polishing pad of claim 24, wherein the first groove section comprises a
plurality of groaves formed in the abrasive material, the plurality of grooves having a

constant width and a constant depth.

30.  The polishing pad of ctaim 29 wherein each of the plurality of grooves further

comprises a constant spacing between adjacent grooves.



